Background: Evaluation of carbon (C), nitrogen (N) and phosphorus (P) ratios in aquatic and terrestrial ecosystems can advance our understanding of biological processes, nutrient cycling and the fate of organic matter (OM) in aquatic ecosystems. Eutrophication of aquatic ecosystems can disrupt the accumulation and decomposition of OM which serves as the base of the aquatic food web, and is central to the effectiveness of a treatment wetland. This study investigated nutrient stoichiometry within and between wetland ecosystem compartments (i.e. water column, vegetation, flocculent and soil) of two treatment flow-ways (FWs) in the Everglades Stormwater Treatment Areas located in south Florida (USA). These FWs include an emergent aquatic vegetation cell dominated by Typha spp.(cattail) and a submerged aquatic vegetation cell composed of species such as Chara spp. (muskgrass) and Potamogeton spp. (pondweed). The primary objective of this evaluation was to determine if nutrient stoichiometry is consistent within and between ecosystems and compartments to understand biogeochemical cycling and controls of nutrient removal within a treatment wetland ecosystem.
Introduction
The study of nutrient stoichiometry, pioneered by Redfield (1934 Redfield ( , 1958 , laid the foundation of two important biogeochemical principles that later became basic tenets of ecological stoichiometry: (1) organisms have consistent carbon (C), nitrogen (N) and phosphorus (P) molar ratios and (2) the abundance of C, N and P in organisms is regulated by interactions between them and their environment. The basic premise of the Redfield ratio is that ratios of C:N:P are well constrained based on the similarity of measured N and P concentrations in marine plankton relative to the nitrate (NO 3 ) to phosphate (PO 4 ) ratio in deep ocean water. The Redfield ratio describes the ratio of NO 3 , PO 4 and non-calcite inorganic C (i.e. inorganic C, N and P) in deep seawater (Redfield 1934 (Redfield , 1958 Lenton and Watson 2000; Geider and La Roche 2002) . The stoichiometric values of the Redfield ratio thus describe the average composition of marine OM and the necessary oxygen required to decompose the organic matter (OM) via respiration. Since its acceptance, the Redfield ratio has been debated and revisited frequently in light of new analytical methods, more data, and clarification of the frequent misrepresentations of the notable Redfield ratio (Lenton and Watson 2000; Geider and La Roche 2002) . Furthermore the Redfield ratio concept has been extended beyond marine ecosystems into freshwater and terrestrial systems where C and nutrient concentrations are not part of a homogenous reservoir, are more variable between ecosystems and their dynamics significantly (Dodds et al. 2002; Dodds 2003; Cleveland and Liptzin 2007; Xu et al. 2013 ).
The fate of C in ecosystems is regulated by mass-balance principles and the availability of other key nutrients such as N and P (Hessen et al. 2004) . In general, wetlands are net C sinks that store a large amount of the global C driven by accumulation of C via plant productivity that exceeds export from the decomposition of organic matter (Billett and Moore 2008; Kayranli et al. 2010 ).
Decomposition of OM involves a stepwise conversion of complex organic molecules into simple constituents through physical leaching and fragmentation, extracellular hydrolysis, and catabolic activities by microbes (Reddy and DeLaune 2008) . Anthropogenically mediated nutrient loading to otherwise pristine aquatic ecosystems has a potential to disrupt the ecological balance and substantially affect nutrient (i.e. N and P) cycling through the disruption of both plant OM production and OM decomposition. Long-term nutrient enrichment in aquatic ecosystems can affect plant composition and OM decomposition, which in turn alters supply and demand for nutrients in different ecosystem compartments (plants, soil OM, microbial biomass) (Davis 1991; Reddy et al. 1999; Wright and Reddy 2001) . Therefore, excessive external inputs of nutrients to an ecosystem can lead to disruption in the stoichiometric balance of ecosystem compartments by preferential assimilation, turnover and mineralization.
In the Everglades ecosystem, nutrient enrichment of natural systems has significantly influenced OM accumulation via larger ecosystem shifts in plant and algal communities (Davis and Ogden 1994; Pan et al. 2000) . Eutrophication of aquatic ecosystems allows for nutrient tolerant species to establish and thrive while reducing the overall coverage of nutrient sensitive species leading to a cascading effect on the entire ecosystem structure and function (Davis and Ogden 1994; Newman et al. 1998) . Stormwater run-off enriched with nutrients has accelerated soil accretion dynamics (Craft and Richardson 1993; Reddy et al. 1993) . Overall, Everglades flora and fauna have been significantly impacted through widescale encroachment of cattails, loss of calcareous periphyton and other ecological changes within the Everglades marsh (Davis and Ogden 1994) .
In an effort to restore the biological integrity of the system, the State of Florida and the US Federal government initiated restoration and control efforts. One such effort is the construction of treatment wetlands to improve the quality of agricultural runoff water originating in the Everglades Agricultural Area (EAA) prior to entering the downstream Everglades ecosystem (Chen et al. 2015) . These treatment wetlands, referred to as the Everglades stormwater treatment areas (STAs) were constructed with the primary objective of removing P from surface water prior to discharge to the Everglades Protection Area. The STAs are composed of several treatment cells which use natural wetland communities to facilitate the removal of P from the water column by leveraging natural wetland processes including nutrient storage in vegetative tissues and soils (Kadlec and Wallace 2009).
Prior studies have suggested that C:N:P ratios in soil and soil microbial biomass are tightly constrained providing a Redfield-like stoichiometric ratio across forested, grassland and natural wetland ecosystems (Cleveland and Liptzin 2007; Xu et al. 2013) . Redfield (1958) observed both the concentrations and ratio of elements in ocean water were constrained, indicating that, despite large variability in nutrient concentration and amount nutrient ratios remain unchanged in a specific ecosystem compartment (e.g. vegetation groups, algae, soil, microbial biomass).
Constrained stoichiometry thus suggests close interactions and feedbacks between organisms and their environment. In contrast, decoupling of stoichiometry can occur when e.g. imbalanced nutrient loads induce changes in element stoichiometry in specific compartments. Given the primary purpose of the STAs and the role they play as biogeochemical hotspots (McClain et al. 2003) , this study will evaluate stoichiometry relationships within treatment wetlands that receive relative high nutrient loading, and that show, through in-wetland nutrient uptake, differences in nutrient concentration and loading along their flow path. The objectives of this study were to investigate nutrient stoichiometry in two treatment wetland ecosystems characterized by different dominant vegetation, to understand changes in C, N and P pools within ecosystem compartments. The first objective of this study was to evaluate nutrient relationships (i.e. C x N, C x P and N x P) within surface water, soil flocculent material (floc), recently accreted soil (soil) and vegetation live aboveground biomass (AGB) between two flow ways (FWs), one dominated by emergent aquatic vegetation (EAV) and the other by submerged aquatic vegetation (SAV).
The first hypothesis is within a given FW cell, overall nutrient stoichiometry in these ecosystem compartments will be tightly constrained despite differences in dominant vegetative communities as suggested by previous studies (Cleveland and Liptzin 2007; Xu et al. 2013) . The second objective of this study was to assess changes in nutrient stoichiometry in surface water, floc and soil ecosystem compartments along each FW transect in the direction of flow, essentially evaluating if nutrient stoichiometry within ecosystem compartments significantly change with distance downstream (and thus with nutrient loading). The second hypothesis is that due to external loading, shifts in nutrient stoichiometry are likely to occur along a given flow path, causing a decoupling of stoichiometric relationships, In essence, utilization and storage of excess nutrients supersede internal nutrient regulation and feedbacks resulting in strong gradients of C:N:P stoichiometry from inflow-to-outflow.
Methods

Study Area
Everglades STAs reduce surface water P loads in an effort to preserve and protect the remaining Everglades ecosystem (Chimney 2017). A total of six STAs with an approximate area of 231 km 2 are located south of Lake Okeechobee in the southern portion of the EAA (Fig 1) . FWs 1 and 3 to characterize changes in nutrient concentrations and availability during prescribed/semi-managed flow events (Fig 1) . When adequate water was available within the water management systems, prescribed flow events were scheduled and cycled through various flow/no-flow sequences for FWs 1 and 3. Surface water grab samples were collected just under the water surface at a depth of 10-15 centimeters. Water column parameters such as total P (TP), total N (TN), and dissolved organic C (DOC) were analyzed on these water samples. In the Everglades system, the organic C pool is predominately composed of the DOC fraction with very low particulate OC concentrations (Julian, unpublished data, Julian et al. 2017) , therefore it is assumed that DOC is approximately equivalent to total OC concentrations to reflect other total nutrient stoichiometry. Soil samples were also collected along the flow transects twice during the dry and wet seasons between 2015 and 2016. Soils were sampled using the push-core method consistent with methods used in prior wetland soil studies (Bruland et al. 2007; Osborne et al. 2011; Newman et al. 2017) . Samples were extruded from the soil core tube and partitioned into floc and soil. Floc was characterized as the suspended unconsolidated material on top of the consolidated soil. It was poured into a secondary sampling container, allowed to settle for 4 hours, supernatant water was removed via syringe and remaining floc material was analyzed accordingly. The remaining consolidated soil was segmented with the 0 -5 cm segment retained for analyses. Floc and soil samples were analyzed for percent ash, TP, TN, and TC. Loss-on- 
Data Analysis
Hydraulic and P loading rates (HLR and PLR, respectively) were calculated based on methods by Kadlec and Wallace (2009) . Weekly surface water grab total phosphorus samples were collected at inflow and outflow structures and used to estimate inflow and outflow P-load amounts. Phosphorus loading rates were estimated using daily TP load divided by FW area. Table S1 and Fig S1) . The daily HLR and PLR observed during this study was consistent with historic operational loading rates experienced for these FWs to date (Chen et al. 2015) .
Water Column C:N:P relationships
Overall, mean DOC, TN and TP concentrations were relatively comparable ( Table 2 ).
Total P, TN and DOC concentrations gradually decline in concentrations along the STA-2 FW 1 flow way transect (Fig 4) . Along with declines in concentrations along the flow path, DOC:TN and TN:TP significantly increased (Table 5 ) with no significant change points detected (ρ=0.59 and ρ =0.22, respectively) along the flow way transect. However, DOC:TP did not significantly change along the FW1 (Table 5 ) and no change point was detected (ρ=0.19) despite having the largest rate of increase (based on Theil-Sen slope) between stoichiometric ratios. Similar to FW 1, FW 3 TP and TN were decreased with distance downstream with TN with largest decline along the transects (Fig 4) . Meanwhile, in FW 3 DOC remained relatively constant with distance downstream (Fig 4) . All surface water stoichiometric ratios were positively correlated with distance downstream along FW 3 at a similar rate as FW 1 ( (Table 2 ). In addition to having lower OM, FW 3 floc material was more mineral as indicated by lower LOI values than FW 1 (Table 2 ). Among TC, TP and TN in floc, TP concentration was generally the most variable parameter between and within sites with coefficients of variance as high as 56.2 % at any given site but overall FW 3 exhibited the highest overall coefficient of variance with 40.3% spatial and temporal variability (Table 2 ).
All floc stoichiometric relationships resulted in statistically significant relationships with logtransformed SMA slopes significantly different from one, except for TC-TN in FW 1 (Table 3) .
Relationships where slopes were significantly different from one indicate that these nutrient pools independently scale. The TC-TN relationship of FW 1 resulted in a slope not significantly different from one suggesting that TC and TN in the floc compartment of FW 1 proportionally scale with some degree of constraint (Table 3 ). In addition to not scaling proportionally, floc TC-TP and TN-TP for both FWs were not significantly correlated thereby suggesting these nutrients pools are not constrained and vary widely (Table 3) . Despite scaling independently, floc TC-TN for FW 3 was highly correlated (Fig 2 and Table 3 ). Floc TC-TN relationships are very similar between FWs and appear to fall along a continuum (Fig 2) with FW 1 generally having greater TN concentrations in the floc compartment (Table 2) . Floc TC-TP and TN-TP relationships in FW 3 appear to have broken out into two distinct populations with a discernible break-point between populations occurring at approximately 800 mg P kg -1 (Fig 2) , above which TN and TC concentrations remain relatively low. These points mostly correspond to sampling locations in the inflow region of the FW. Floc TC:TP and TC:TN stoichiometry significantly differ between FWs (Table 4) with FW 3 having higher TC:TN and TC:TP ratio (Fig 3) , suggesting TP and TN are less constrained relative to TC when compared across different systems. Meanwhile, floc TN:TP was not significantly different between FWs (Table 4) 
Soil C:N:P relationships
Much like the floc compartment, LOI values in the soil compartment range from 16.5 to 91.0 percent across the study FWs with FW 1 having a higher observed mean LOI value for soil (81.2 ± 1.4 %; Table 2 ). Additionally, FW 3 soils were more mineral in nature with less apparent OM to FW 1 soils (Table 2) . Generally, soils in FW 1 are more enriched with nutrients as indicated by qualitatively greater average concentrations (Table 2) . Soil nutrient ratios were generally greater than those observed in the floc compartment with TC:TP (Table 2) . Much like the floc compartment, TP was the most variable parameter as indicated by intra-and inter-site coefficients of variance reaching as high as 47.8 % at any given site. Overall, FW 1 exhibited the highest overall TP coefficient of variance with 42.1 % spatial and temporal variability (Table 2) .
Soil TC-TP for FW 3 and TC-TN for FW 1 resulted in slopes not significantly different from one suggesting that these nutrient pools in the soil compartment scale proportionally (Table 3 ). All other relationships in the soil compartment resulting in slopes significantly different from one, indicating independent scaling between nutrients regardless of FW (Fig 2 and Table 3) (Table 5 ) and a significant change point was detected along the FW 3 flow way transect (Estimate=0.78, ρ <0.05). Soil TC:TN was negatively correlated with distance downstream (Table 5 ) and a significant change point was detected along the FW 3 flow way transect (Estimate=0.71, ρ <0.05). Soil TN:TP was not significantly correlated with distance downstream (Table 5) , however a significant change point was detected along the FW 3 flow way transect (Estimate=0.71, ρ <0.05).
Floc and soil N:P molar ratios were significantly correlated for sites within FW 3 (r=0.85, ρ <0.01). In FW 3, the distribution of the data formed what appears to be an S-shaped curve with sharp transition in floc N:P ratio when soil N:P is approximately 100 (Fig 5) , but not in FW 1.
Furthermore, both floc (χ 2 =20.41, ρ <0.01) and soil (χ 2 =4.67, ρ <0.05) N:P molar ratios were significantly different along FW 3 between the two distance categories. Within FW 1, floc and soil N:P was not significantly correlated (r=0.28, ρ =0.21) and qualitatively the floc-soil relationship within FW 1 appears to be different than that of FW 3 where the upper arm of the Scurve is missing for FW 1 (Fig 4) . The lack of an "upper arm" in the FW 1 floc-soil relationship could indicate the floc compartment has not reached saturation or microbial decomposition dynamics differ. Despite the difference in the floc-soil N:P relationships between the two FWs, N:P molar ratios were significantly different between the two distance classes in FW 1 for floc (χ 2 =19.44, ρ <0.01) and soil (χ 2 =4.35, ρ <0.05).
Vegetation C:N:P relationships
During the vegetation sampling within FW 1 three EAV species were sampled including cattail, sawgrass and Nymphaea odorata Aiton (water lily) with cattails accounting for most of the samples collected. Within FW 3, a mix of SAV species were sampled including muskgrass, pondweed and southern naiad with muskgrass being the most common. Plant tissue TP concentrations from both FWs 1 and 3 ranged approximately five-fold with vegetation within FW 3 having higher absolute tissue TP concentrations (Table 2) . Plant tissue TN concentrations variability was larger than TP (more than ten-fold range) while the variability in vegetation TC concentrations was smaller (approximately three-fold) ( Table 2) . Live-AGB in FW 1 shows higher TC:TP and TC:TN ratios but FWs 3 has higher TN:TP ratios (Table 2) . Much like the other compartments, variability in TP was greatest amongst the other nutrient parameters with an overall coefficient of variance of 82.0 % while between FWs, FW 1 had a higher coefficient of variance with 74.0 % and FW 3 having a coefficient of variance of 57.4 %.
Much like the other ecosystem compartments live-AGB TC-TP, TC-TN and TN-TP models for FWs 1 and 3 resulted in slopes significantly different than one suggesting that nutrient concentrations within vegetation scale independently with vary levels of constraint (Table 3) .
TC-TP and TC-TN differ between flow ways at low nutrient concentration but appear to converge as concentration increase. On the other hand, the relationship between TN-TP models between FWs seem to gradually diverge from one another (Fig 2) . Live-AGB TP and TN concentration were negatively correlated while TC concentration was positively correlated with distance downstream along the FW 1 flow way transect (Table 5 ). Both TC-TP and TC-TN relationships were negatively correlated in the vegetation compartment in FW 1 with a higher degree of correlation between TC and TP. Additionally, TC-TP and TC-TN were positively correlated in FW 3 with a higher degree of correlation between TC-TN. Despite these relative differences of TC-TN and TC-TP correlations between FWs, positive correlations were apparent between TN-TP for both FWs.
Discussion
Surface Water Stoichiometric Relationships
Redfield ( The Everglades STAs are optimized to effectively remove P from the water column (Chen et al. 2015 ). This process is completed through a combination of physical removal and biological uptake. Physical removal of P is done through settling and entrainment of particulate P while biological uptake removes P from the water column through metabolic uptake along a given flow path (Kadlec and Wallace 2009). Therefore, changes in nutrient stoichiometry within and between FWs (Fig 2 and 3) can be the result of biological or physical configurations of the treatment system. Flow-way 3 of STA-2 is a SAV dominated system where the sequestration of P is facilitated partly by the co-precipitation of calcite (Dierberg et al. 2002) . Meanwhile, FW 1 is an EAV dominated system where particle entrainment and subsequent P uptake by plant and microbes are dominant nutrient removal and mineralization mechanisms (Reddy and DeLaune 2008). Interestingly, in FW3 the P decrease (or net removal) is more pronounced relative to C and N along the flow path.
In the surface waters of the Everglades STAs, all stoichiometric relationships in both FWs scaled independently but were significantly correlated at varying levels of constraint (Table 3) . Most relationships were positively correlated with the exception of DOC-TP relationship in FW 3, which exhibited a negative slope (Fig 2 and Table 3 ). The observed slope for the DOC-TP relationship for both FWs shows a relative (slope < 1 FW 1) or absolute (slope < 0) depletion of DOC with increasing TP concentrations. Several mechanisms could potentially explain this general trend, the first and most probable is that samples with high P concentrations are run-off water near the inflow, most of which is composed of inorganic-P and low DOC. Perhaps, high C relative to P is maintained along the flow-path, the inorganic forms of P are taken up by phytoplankton while organic forms are preferentially deposited, leading to overall reduction in P, but not in C (which is photosynthetically fixed). Given that FW 3 is an SAV dominant system, a feedback via light availability is possible, preliminary data suggests that light attenuation is concentrations were not well-constrained (Fig 2) . Further, stoichiometric relationship in this study exhibits a strong non-linear relationship along the FW despite sharing the same source water. The response of C and P in the Everglades ecosystem is driven largely by the P limiting nature of the natural system combined with high loading of P from upstream sources (Chen et al. 2015) . Perhaps, the negative relationship particularly in the SAV system may indicate P mining via benthic algae. Higher P demand per unit increase in C or N in the vegetation in FW 3 can create higher P demand and therefore higher plant and microbial activity to extract P from soil organic matter. In that case we should expect depletion of P relative to C and N along the flowway. Indeed, P depletion relative to C and N downstream is more pronounced in FW 3 than FW 1, although the significance threshold for the downstream gradient is not always achieved.
Meanwhile, soil C and N relationships are somewhat constrained across the combined SAV and EAV systems and follow a near linear relationship (Fig 2) . Overall the non-linear scaling (and often negative) relationships between C, N and P suggests the relative decoupling of P during OM accumulation driven by the rapid consumption of inorganic P ( As demonstrated by changes along the flow paths (Table 5 ) and the variability of nutrient availability (Table 2 and Fig 4) , biogeochemical cycling and contributions from different ecosystem compartments can be variable along the flow-paths as P concentrations are reduced lowering the enrichment potential. Furthermore, soil C:N values significantly decline (Table 5) along the flow paths suggesting the potential for N-mineralization which could imply differential nutrient limitations and mineralization processes along the flow path. This is especially apparent in FW 3, an SAV dominated community suggesting vegetation dynamics drive can influence biogeochemical cycling of nutrients when comparing the two flow paths.
Soil -Floc Interaction and Stoichiometry
Floc is a complex matrix of microbes, organic particles (i.e. cellular detritus) and inorganic particles (clays and silts) with substantial inter-floc spaces analogous to pore space in soils are
formed from a variety of physical, chemical and biological processes (Droppo 2001). In the Everglades system, floc material is largely derived from senescing periphyton and macrophytes with very little to no terragenic sediments (Noe et al. 2001 (Noe et al. , 2003 . This matrix of biologic, chemical and geologic material is ecologically important in aquatic systems due to its ability to act as a source or sink of nutrients to the overlying water column. Furthermore, floc represents the beginning of soil OM diagenesis in natural wetland ecosystems (Noe et al. 2003; Neto et al. 2006 ). As floc is in this sandwich position, we expect stoichiometry to reflect a mixture between the end-points of soil and water.
Much like surface waters, most stoichiometric relationships in the floc layer were independent (i.e. do not proportionally scale, Table 3 ). Furthermore, the relationship of TP with TN and TC was not tightly constrained as indicated by rank correlation and SMA R 2 suggesting high stoichiometric variability. Floc is likely subjected to the direct result of P-enrichment altering the depositional environment. Alternatively, P-enrichment can also accelerate primary productivity (GPP) and ecosystem respiration (ER) rates (Hanson et al. 2003; Hagerthey et al. 2010) influencing C metabolism in the water column. It is worth noting that concurrent with a strongP gradient in ecosystem compartment (Fig 4) a productivity gradient (i.e. GPP and ER) is also apparent with higher productivity at the inflow regions (Julian and Bhomia 2017). The soil TC-TP relationship could also be the result of variable C and P burial and cycling due to the decay of plant material facilitated by high biomass turnover (i.e. litterfall) and litter decay rates ( (Table 2) .
As previously observed, floc represents a stoichiometric intermediary between primary producers and the microbially reworked compounds in soils organic matter. Neto et al. (2006) evaluated floc and soil C:N ratios along a freshwater-to-marine transect suggesting a mixed source of OM to these compartments along with a decoupling of C to N suggesting variable remineralization rates in soil relative to floc. Conceptually, primary producers, in particular higher plants, exhibit relative high C to nutrient ratio, which may even widen in fresh litter because of redistribution of nutrients. Relatively active microbial activity act to immobilize (or retain) nutrient during early decomposition stages, while C is respired, resulting in nutrient enrichment. Secondary microbial residues that are relatively recalcitrant may still be stripped essential nutrients, in particular P. therefore it is expected that N relative to C to increase during the transition from vegetation to floc to soil, C:P ratios are expected to decline from vegetation to the microbially active floc layer, but then increase again as P mining becomes the dominant P cycling mechanism in the soil. Nitrogen to P ratios may be expected to be similar between vegetation and floc as ratios in vegetation and microbes are in the same range, but in soils N is again expected to be enrich with respect to P due to plant mining in these P limited systems. The ratios in FW 1 and FW 3 roughly follow this pattern but there are some nuances: nutrients are fairly enriched SAV systems, therefore we don't find further narrowing in the floc layer.
Furthermore, C:N ratios in floc and soil show little difference, suggesting that immobilization is occurring early and vigorously in the decomposition continuum. Moreover, the narrow C to nutrient ratio in the floc layer is likely further be fostered by sedimentation of DOM.
Additionally, this transition is accompanied by a co-variate of distance downstream (Fig 4) .
While N:P ratios are always more narrow in floc than in soil, floc TN:TP values in the inflow-tomid region of the treatment FW (fractional distance <0.5) are generally lower than TN:TP values in the mid-to-outflow region (fractional distance >0.5). Interestingly, P becomes more enriched relative to N in FW3, indicating additional P accretion as floc transitions into the soil, a pattern not seen in FW 1, potentially indicating shifts in OM deposition and/or decomposition (Fig 5) . In FW 1, floc and soil TN:TP lacked any correlation potentially indicating selective removal or variable nutrient remineralization rates. In FW 3 floc and soil TN:TP were significantly correlated again suggesting variability in nutrient removal processes but also potential variability in N or P remineralization rates driven by different microbial communities and enzyme activities (University of Florida Wetland Biogeochemistry Laboratory 2017).
Conclusion and Further Research
Prior studies of stoichiometry suggest that the relationship between C and nutrients is tightly constrained and C:N:P stoichiometric relationships are relatively constrained and consistent with elemental composition of dominate phototrophs (i.e. algae and phytoplankton) in the water column and microbial biomass in soil. However, at a finer scale exemplified in this study nutrient stoichiometric relationship within treatment wetlands are potentially decoupling through processes such as enrichment; disruption of biotic-feedback loops; variable mineralization/immobilization rates; selective removal of water column constituents via biotic uptake or; physical settling, or active mining for limiting nutrients in soils. As a consequence, stoichiometric relationships vary between ecosystems, their compartment, and along gradients of nutrient loading. At the onset of this study three hypotheses were suggested, the first hypothesis that nutrient stoichiometry was tightly constrained across ecosystem compartments was rejected as nutrient concentrations did not scale proportionally in each ecosystem compartment or study FW with a few exceptions (FW 3 Floc TC-TP and FW 1 Floc and Soil TC-TN). The second hypothesis related to observed shifts in nutrient stoichiometry due to ecosystem level biogeochemical processes was accepted due to the significant changes of nutrient stoichiometry relative to distance downstream and between flow paths were apparent. The final hypothesis that stoichiometric relationships between ecosystem compartments differed significantly between flow paths was accepted as each flow path driven by its biota and retained nutrients differently, especially relative to C and N dynamics.
Evaluation of stoichiometric relationships within ecosystem compartments provides a greater understanding of how nutrients and OM cycle through a system relative to one another (i.e.
relative enrichment or depletion) such as the diametrically opposed relationships between DOC and TP in the water column along each flow-way. Moreover, scaling properties of nutrients in a stoichiometric framework provide an understanding of fundamental relationships and processes in natural systems and variability in these relationships can offer insight into underlying biogeochemical mechanisms (Brown et al. 2002; Marquet et al. 2005 ; Wymore Unpublished Data). The divergent relationship suggesting process related differences in how nutrients are retained within the ecosystem and as such could he used to understand treatment wetland performance or expectations given the stoichiometric relationships identified in this study. In the context of the Everglades STAs, optimization for P-retention must go beyond a focus on P and P-forms (i.e. organic versus inorganic) but also focus on other continents including C and N.
Building from this work, future studies should address the potential for preferential removal and utilization of nutrients from different substrates and organism (uptake and mining in macrophytes, immobilization of nutrients) to further understand ecosystem nutrient uptake and retention. Moreover, perhaps this work coupled with a modeling study that addresses the resulting accumulation in vegetation, floc and soil following the nutrient driven changes in biogeochemical cycles.
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